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Summary

Three experiments were curried out 1o evaluate the fermentation process and subsequent nuiritional quality of silage
made rom dried and fresh barley straw with and without the addition of wet hrewers' grains. The treatments were:
I kg al dried straw with 600 g of water but no wet browers' graing ( J-0) as a control. and the same straw mixed
with 2 kg (1-23. 2 kp (T-3). 4 kg {(I-4). or 5 kg (T-5} of wet hrewers™ grains as treatments in Experiment {; and
2 kg of [resh snaw without wet hrewers’ prains (1[-0) as a control. and the same fresh straw mixed with 2 kg (11-
o4 kg (11-2), 6 kg (H-3). or 8 kg {N-4) of wet brewers' grains as treauments in Experiment 1. Each material
picpared was ensiled in & L (vieyl) bag silos. and the silos placed in a chamber of 21¢ for M) (Exp. 1) or 7 (Exp.
1) montbs, The fermentaticn quality and outritive value of the barley siraw silages produced were markedly improved
by mixing them with wet brewees' seains, Increasiag levels ol wet brewers' graing caused on ingrease in fermentation
quality. The e vitro dry matter digestibility of silages was also increased by adding wet brewers’ grains. Two seini
scale pilet silages. experiment Tff, prepared fromn dried and fresh bariey straw mixed with wet brewers™ grains were
fed to wether sheep. These silages. which contamed 507, barley straw and S0, wet brewers’ grains by dry weight,

were imoderate apparent digestib:lity and supplied of about 509 TDN and j0% DCP.
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Introduction

Many processing or pretreattment methods
{physical, chemical, physico-chemical and biological)
can improve the feeding value of lignoceilnlosic
by-products by increasing their digestible energy
content or feed intake {(Doyle et al., 1986),

Supplementation or ensilage with other palatable
materials. especially agroindustrial by products or
ercen forages, bas been used in developing coun-
(ries in Asia for improving the contents of available
nitrogen and carbohydrates to supply a sufficient
nuteients for maintenance of animals (Doyle et al.,
1986; Kamra and Zadrazil, 1988). Such ensiling
has been found to enhance fermentation quality
and to produce a maintenance diet for rams or
cattle (Krishna., 1982; Mandal et al., 1989),

The use of hrewers’ grains, dred or wet, as
a fteed resource for both monogastric and rumi-
nants has becn reported (Murdock et al, [981;
Decltoro Lopez ¢t al., 1981 Davis et al., 1983;
Uchida et al, 1983 Rogers et al, [980). Wet
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brewers” grains usualiy have a low crude fibre, high
crude protein and high digestitility, but low stor-
ability. On (he other hand, barley straw as a
lignocellulosic by-product contain high crude fibre,
low crude protein and Tow digestibility.

Ensiling barley straw with wetl brewers’ grains
can thercfore be expected to improve the fermen-
tation quality and nutritive value of the mixture.
Wet brewers' grains as a carbohydrate source can
provide an adcquate subsiratc {(water soluble car-
bhohydratefWSC) to accclerate the growth of lactic
acid bacteria and to establish rapidly acid condi-
tions in the silage. At tbe same time it will increase
the crude protein content and decrcased the fibrous
component, thus possibly increasing the digestibility
of the silage.

The experiment reporled here was conducted
1o evaluate the fermentation quality and nutritive
vilue of silages made from mixtures of barley straw
and wel brewers' grains. A feeding trial using three
mature wether sheep was carried out to study the
apparen! digestitility of two of the silages.

Materials and Methods

Silage production
Barley straws were collected from a farm and
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wet brewers' grains were taken {rom a company
(Futaba Shiryo Co. Ltd.), in Okayama prelecture,

on June 6, 1990 for experiment T.
=

and on Jung
(961 for experiment [I. The barley straw for
expenment [ was dricd to 82.5% diy matter
beforc using. After being chopped into 1.3 cm
lcngihs, the harley straw was lacerated by a chop-

per-cracker (Taninaka, Co. Lid) until almost pulp.
The chemical camposition ol the raw malerals
for ensiling is shown in lable 1. The processed
and wet brewers grains were mixed in different
proportions, and the various straw-grains mixiures
ensiled in vinyl-bag silos of £ litse capacity from
which air was excluded vsing a vacuum pump.

TABLE 1. CHEMICAL COMPOSITION AND IN VITRO DRY MATTER DIGEST B LITY OF BARLEY STRAW AND WET

BRFWERS’ GRAINS MATERIAIS

Experiment_|

" Dried barley

Wet brewers

_ l':)(p_e_l‘_f_l_l}&nl ﬂ_
Fresh barley

Wet brewers'

straw grains _ straw Hraing
Dry matter (p/kg) 8§24 9 2733 262.4 248.2
Protein (g/kg DM) 26.4 2628 274 266.5
Ash {gfkg DM) 449 30.7 072 337
Crude fibre (g/kg DM) 479.6 1191 418.9 109.6
NDF (pfkg DM) 80¢ 9 5129 751.6 559.1
ADF (g/kg DM) S16.2 165.3 488.6 1927
Lignin {gfkg DM) 64.1 374 85.7 44.5
Silica (gfkg 1IM) 14.2 95 13.9 9.5
Cellulose (g/kg DM) 452.1 127.9 4029 148.2
Hemicellnlose (gikg DM) 290.7 3476 263.0 366 4
WSC (g/kg DM 454 196.6 36.8 138.4
1IVDMD" (%) 35.0 659 426 62.1
iIVDMD* (%) 51.6 681 499 63.0

Abbreviation: NDF = Neulral deterpent fbre, ADF = Acid delergent fibre, WSO

IVOMD = In vitro dry matter digestibility

Waler soluble carbohydrale,

Hemijcellulose = NDF — ADF. Celluloge = ADF ~ Lignin.

® Abe and Horii method.
? Tilley and Terry method.

Silage production was divided into two experi-
ments (I and [[). The ingredients for experiment
I were | kg dried barley straw with 600 g water
without wet brewers’ grains {]-0) as a control,
and | kg dried barley straw with 2 kg ([-2),
Ikg(1-3), d4kg (14, or 5 kg (1-3) of wet
brewers' grains. The silage materials for experiment
I were 2 kg fresh barley straw without wet brew-
crs’ graims ([-0) as a control, and 2 kg fresh
harley straw with 2 kg (]1-1), 4 kg (1[-2), 6 kg
(10-3), or 8 kg (11-4) of wet brewers’ grains.

Each silo was placed in a conslant temperature
chamber at 2)C for 10 (Exp. T) and 7 (Exp.
1) months of storage. At the end of the storage
period, the silos were opened and the mouldy part
(upper 1/4 and bottom 1/4) of each silage was
discarded before sampling. The samples were fro-
zen at —32°C for further analysis.
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Chemiecal analysis

Dry matter (DM) content of siiages was deter-
mined using a freeze and vacuum dry method
{Uchida, 1986), and raw malerial was dried by
oven al 55°C. The dried samples were ground and
then crude ash, crude protein and crude lbre were
determined accoding to AOAC (1992). Nentral
detcrgent fibre, acid detergent fitre, lignin and silica
were determined by the method of Goering and
Van Soest (1970). Jn viiro dry matter digestibility
(IVDMD) was determined by both the method
of Abe and Horii (1974), and the method of Tilley
and Terry (1963). The content ol water solublc
carbohydrate (WSC) in the raw materials and the
silages was evaluated using the method of Deriaz
(1961). Water extracts from f{resh silages were
prepared for measuring pH, lactic acid (Barker
and Summerson, 1941), volatile Tatty acid angd
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ethanol (Uchida and Havashi. 1985).

Determinalion of apparent digestibility value

Two silages used for digestion trial were made
from the same malerials with the experiment |
and I (Experiment [). These silages which con-
tained a mixture of dried (treatment ]/F[) or
fresh (treatment 1I/Fl) barley straw and wet
brewers’ grains were ensiled into semi field scale
silos. The mixing ratc was about 1:1 by dry
weight (dried barley straw 1:wet brewers’ grains
099 in F1. fresh barley straw 1:wet brewers'
grains 095 in F[). The silages were stored for
12 (F1) and 10 (FI) months. Stlage samples for
l[aboratory analysis were prepared from the upper,
middle and botiom parts of each silo with the
correspanding to feeding trial.
sheep.
49.5 kg, were used Lo determine the apparent
digestibility of F [ and FI| silages, respectively.
The silages were fed al o level of 1.8% (F]) and
1.5% (FD) of liveweight. The diets were fed (wice
a day in equal amounts at 08:00 and 15:00 hours

Three mature wether weighing  46.0-

for 10 days of a preluninary period and 7 days
of a collection period. Walter and mincral block
were available at all times. Fecal samples were
prepared according 10 the 10tal collection method.

Silage samples were determined using the same
method with the experiment [ and [, while fecal
samples were determined using the same method
with the raw materials samples.

Results and Discussion

Silage quality

The fermentation quality, chemical composition
and dn vitro dry matter digestibility of mixture
silages are shown in table 2, 3 and 4, respectively,

Silages conlaining  wet  brewers’  grains
experiment | and JI were well preserved and had
lower pH (p <0 0.01) and bigher lactic acid con-
centrations (p <2 0.01) than the silage made only
frem  barley straw. The fermentation quality of
mixture sitages was significantly (p < 0.0]) improved
by increasing the level of wet brewers’ grains (table
2).

n

TABLE 2. FERMENTATION QLAIITY CF BARIEY STRAW AND WET BRFWFRS' GRAINS SIIAGES (EXPERIMENT

I AND 11)
Treatments pH Lac Eth C2 C3 -C4 n-C4 ~C5 n-C5
.................................... (2IKE IDM) woree e
Experment |
I 0 5.5 7.3 03 0.9 1.7 2.5 2.7 0.1 0.1
Il =2 4.1 20.5 4.8 12.2 04 0.2 0.0 0.0 0.0
1-=3 4.0 26.7 6.0 16.2 0.5 0.3 0.0 0.0 0.0
T—-4 3. 34.1 8.8 13.5 0.7 0.2 0.0 0.1 0.0
1-5 3. 373 10.2 19.5 0.7 0.3 0.0 0.0 0.1
Siz.a] ok *%k ok L3 ok * L3 NS NS
Experiment ]I
-0 4.4 34.5 1.7 6.2 0.8 0.2 0.4 08 03
-1 39 t3.4 9.6 13.4 08 02 0.1 0.0 0.0
-2 39 €6.4 15.3 18.2 2. 02 0.1 0.0 0.0
nm 3 38 73.8 13.8 17.8 2.5 0.2 0.2 00 0.0
1| -4 3.7 67.2 140 20.0 1.5 0.5 0.1 0.0 0.0
s]g at ¥ * ¥ w* * % * NS *F ok *

Abbreviation: Lac. = Lactic acid, Eth. = Ethanol, €2 = Acctic acid, €3 = Propionic acid, -C4 = iso Rutyric acid,

n-C4

normal Butyric acid, -C5 = iso Valeric acid. 2-C5 = normal Valeric acid.

2 Significant difference: NS p > 0.05, * p < 0.05, ** p < 041,

[t is assumed that the addition of wel brewers'
grains supplied available carbohydrate as a readily
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usable energy substrale to stimulate (he good
fermentation by lactic acyd  bacicria. This is in
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TABLE 3. CHEMICAL CCMPQS TION AND /N VITRO DRY MATTER DIGESTIBILITY OF BARLEY STRAW AND WET
BREWERS' GRAINS SILAGES (EXPFERIMENT 1 AND 1)

Treatments DM CP  Ash CF WSC IVDMDY  IVDMD?
(g/kg) veennnnnee (i TIMY e i L) e
Experment |
1 -0 £62.7 174 48.6 4943 10.6 314 45.4
T-2 §32.6 1106 453 3754 17.4 447 48.6
-3 456.9 146.3 43.7 328.5 18.9 48.4 49.9
| —4 3959 170.8 433 31.s 158 52.9 490
[ =5 377.0 1838.0 419 291.7 19.9 53.3 499
Siga1 * * % 2% £ ¥ * ¥k *

Experiment 1]

i[—0 26€.7 24.6 72.8 461.7 17.6 8.6 48.4
I =1 255.3 151.2 53.8 295.0 19.9 48.1 33.1
-2 246.8 198.3 46.1 256.0 20.6 52.¢ 34.4
-3 2235 227.¢ 44.4 2258 212 56.2 533
-4 248.6 2395 399 208.7 19.8 58.1 553
S]'g_al * % * % * ¥ 3 WM * ¥

Abbreviatian DM = 1ty warter, CP = Crude pratein, CF = Crude fikve, WSC = Water soluhle carkchydrate.
IVDMID = In wnra drey matter digestib 11y,

" Abe axd Harii methad.

2 Tilley and Terry method.

M Qignificart difference: NS p > 005, * p <005, ** p <001

TABLE 4. FIBRE COMPOSITION OF BARLEY STRAW AND WET BREWERS' GRAINS SILAGES {EXPERIMENT | AND

1)
Treatmenls NDF ADF Lignin Si. _ Cell. HCell.
............................................. .w’hg l)'\|| aner
Experment T
[ =0 8348 564.5 959 17.5 49 86 27.C3
[ =2 7118 4423 97.3 23.0 34.50 26.25
T-3 668.¢ 406.3 88.3 1.5 31.80 26.23
1 4 616.2 372.9 83.4 17.1 28.95 2433
I =5 602.3 356.5 86.9 12.4 26.96 74 .58
Siglm R 3 EE ] * NS LR »
Experiment [
i —¢ 779.8 521.5 98.5 19.9 4230 2583
-1 650.0 3834 80.2 18.5 20.32 26.66
0-2 611.4 3244 71.5 124 25.29 28.70
-3 576.1 3i3.3 74.6 19.2 23.87 26.28
0 -4 5429 290.3 67.7 149 22.26 2526
S]g ) XK EE ] ) o ER ] NS

Abbreviatian: NDF = Nenteal detergent fibre, ARF = Acid detergent fikre. Si. = Silca, Cell. = Ce'lvlose, Heell
= llericellulase.

Cellulase = ADF — Lignin, Hemicellulase = NDF - ADF.

M Significart d ference: NS p 2 005, * p <005 ** p < 0.0
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agreement with the results reporied by Woolford
(1984) and McDouald €1 al. (1991) who supgesied
that the carbobydrate-rich malerials such as mofa-
sses, sugars, starch from cereal wmeal or grans,
whey, citrus gulp, and paotatoes stimulate fermen-
tation and result in an accelerated growth of lactic
acid bactleria. Jones (1988) also observed that the
incorporation of cereal into grass silages improved
the fermentation  quality  without the need
addition ol other chemical additives.

for

Nutrilive value

The vutritive value of silage in both experiments
was significantly {p < 0.05) improved by adding
wel brewers' grains to silages based on barley
straw, The crude protemn content ncrcased and
all fikrous components decreased (p < 0.01) with
increasing of wet brewers’ grains.
Compared 10 the coatrols. the crude protein con-
tent of the silapes mixed with wetl brewers’ grains
increased from 932 to 171.2 (g/kg DM) in Exp. 1
and  126.6 to 2147 (g/kg DM) in Exp. I[.
Correspondingly crude fibre content decreased from
202.6 to 1189 (gfkg DM) in Exp. [ and 253.0
to 1€6.7 (gfkg DM) in Exp. [I (table 3 and
4). The results are in agreement with the findings
of Jones (1988) who found a significant reduction
in [ibre content by barley additicn and an incre-
asing in silage dry matter content by cereal addi-
tion. The improvement nuteitive value of
mijxed silages was associated with an improvement
{(p < 0.01) in in viro dry matter digestibility as
measured by both Abe and Horin and Tilley and
Terry methods. The data show that increasing the
prepartion of wel brewers' grains increased the
digestibility  of the mixture barley straw  silages
(tahle 3). The results are supported by the findings
ot Krishna (1982) and Mandal et al. (1989), who
reported that mixing and eunsiling paddy straw and
potato haulm (1.5 ratio) or wheat straw and peplar
feaves (1:7 ratio) with 3% molasses, improved the
fermentation quality and nutritive value of resuliing
silages, to the point where they met the mainte-
nance requirements of cattle and rams.

Feeding (rials were conducted to evaluate the
apparent digestibility of semi field scale silages
(Exp. M). These silages (lable 5) were maoderately
preserved with a pH of 4.34 and 4.43, for F |
and F|[ silages, respectively. They also had a
considerably lower lactic acid concentration than
that of the Jaboratory silages.

proportion
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The F1 and K]l silages had a high crude
pratein content (153.5 and 163.0 g/kg DM) and
a low crude fibre content (324.3 and 334.7 gikg
DM) as shown in 1able 6. The apparent digesli
bility of dry matter. organic matier and crude
protein were moderate with F I were significantly
(p < 0.05) higher than F1 (table 7). The [eeding
stndies showed that the silage made by mixing of
barley straw, cither dried or fresh, and wet brewers’
grains  supplied about 5097, of their TIDN anct
109, of their DCP requirements.

TABLE 5. FERMENTATION GUALITY OF BARLEY STRAW
AND WET BREWERS™ GRAINS SILAGES USED
FOR SHEEP FEEDING TRIAL (EXPERIMENT

1
Compositicns FI* Fli*
pH 4.3 4.4
Lactic aad {g/kg DM} 7.6 0.7
Acelic acid (gfkg DM) 18.0 129
Propionic acid (gikg DM} 23 3.8
i-Butyric acid (g/kg DM) 0.1 0.2
n-Butyric acil (gikg DM) 0.1 1.5
Ethanol (g/kp DM) 82 3.6

F1 = Slage made from dried barley siraw and welt
brewers’ grains.

FI = Silage wade from f{resh barley straw and wet
hrewers™ grains.

* = The silages were mixed about 1:) on a dry matter
basis,

TABLE 6. CHEMICAL COMPOSIT'CN OF BARLEY STRAW
AND WFT BRFWFRS' GRAINS SILAGES USED
FOR SHEEP FEEDING TR'AL (EXPERIVENT

iy

Compositions FiI FT*
Dry matier {g/kg) 3427 2293
Organic matter {(gikg DM) 951.3 935.6
Crude protein (gikg DM) 123.4 163.0
Crude ash (gfkg DM) 487 64.4
Crude [at (g/kg DM) 76.8 723
Crude fibre (g/kg DM) 3243 334.7
Nitrogen free extract 396.7 365.6

{(8/kg DM)

FI = Silape made from dried barley straw and wet

brewets' erains

FI = Silage made from [resk havley siraw and wet
hrewers” grains.

¥ = The silages were mixed abour 1:1 an 4 dry matter
hasis
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TABLE 7. AFPARENT DIGESTIBIL Ty, TOTAL DIGESTIBLE
NUTR ENT AND DIGESTIBLE CRUDE PROTE'N
OF SINAGES DIET (FXPERIMENT |1 }

o . FT* FO*
Dry matter () 3834252 472124
Organic matter (%) 4084262 d9442.4°
Crude protein (%) 6514190 70.7+1.6°
Crude fat (%) 832420 834117
Crude fikre (%) 355444 346434
Nitrogen lree 3804428 331426
extract (%)
TDN (% DM) 50.0.139  51.3427
DCP (9 DM) 10.0+0.7 11.54+£0.7

Abhreviaticn: TDN Total digestible nutrient, DCP
= Digestible crude protein.

F Silage made fram dried barley strave and wel
hrewers™ grains.

FIl = Silage made from Mesh barley swwaw and wct
brewers' prains.

* = The si'ages were mixed about 111 on a dry maiter

basis
" Means in the same row with dilferent superscripts
differ significantly (p << 0.09).

It can bhe concluded that the lermentstion
quality and nutritive value of barley straw silage
was considerably improved by mixing with wet

brewers' grains.
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